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It is now well recognized that intracranial gliomas may, in certain cases, develop extraneural metastases. This event is determined in virtually all instances by previous operative decompression (Russell and Rubinstein, p. 219, 1963; Smith, Hardman, and Earle, 1969) . Examples of this complication in intraspinal gliomas remain, however, very uncommon, and to date only three acceptable cases, verified at necropsy, of metastasizing ependymoma of the cauda equina have been reported (Weiss, 1955; Sharma, 1956; Patterson, Campbell, and Parsons, 1961) . The examples recorded by Weiss and by Patterson and his colleagues were tumours which recurred on two or more occasions after the initial operation, and were remarkable in that remote metastases developed 10 and 17 years respectively after the onset of the disease. The purpose of this paper is to report a fourth example, in which the length of the illness extended over 29 years. An unusual circumstance in this case was the surgical removal, six years after the initial operation, of a metastatic deposit from the fourth ventricle, the residuum of which could still be demonstrated at necropsy 21 years later. This case exemplifies, therefore, the protracted clinical evolution that may attend the growth of this type of glioma, even when it culminates in the development of remote 'Present address: Department of Neurology, Johns Hopkins School of Medicine, Baltimore, Maryland, U.S. A. deposits. Of additional interest was the demonstra--tion, at necropsy, of marked anaplastic cytological features at the primary site, interpreted as the result of irradiation. CASE REPORT A.S. (P.A.S.H., . A white female, 46 years old at the time of death, first experienced, at the age of-17, low back and radiating right sciatic pain. This wasintermittent at first, then became constant and progressive, and accompanied by right leg weakness. In June 1941, two years after the onset of symptoms, myelography revealed a complete block at the level of the second lumbar segment. Lumbar laminectomy was followed by the subtotal resection of a soft, brownish vascular intradural tumour of the cauda equina. A sleeve of growth that covered the nerve roots could, however, not be removed. Postoperative irradiation (1600 r) was delivered to the lumbosacral area.
The symptoms remitted, but recurred three years later, and additional irradiation (750 r) was given to the lumbar region. This was followed by marked clinical improvement that lasted for two years. A further relapse was, again treated with a course of radiotherapy to the lumbar region (100 r) in July 1946.
Meanwhile, in October 1945, she had begun to complain of headaches, neck pain, and intermittent nausea and vomiting, and because of the suspicion of neoplastic recurrence in the cervical area, was given a total dose of 1,000 r to that region. After a brief relief, the intracranial symptoms worsened during the following year, 763 and she developed progressive unsteadiness of gait, diplopia, blurring of vision, dizziness, syncopes, and irritability. On spinae muscles. A large right-sided retroperitoneal abscess containing approximately 300 ml. light green pus was present. Tumour partly obscured by reddish-brown thrombus grossly permeated both common iliac veins and plugged the lower part of the inferior vena cava up to within 2 cm of the ostia of the renal veins. Both ureters were embedded in growth, and were constricted and kinked. The kidneys showed bilateral hydronephrosis and chronic pyelonephritis. Posteriorly, tumour was attached to the distal part of the spinal cord and to the roots of the cauda equina. Numerous infected sinus tracts linked the growth to the subcutaneous tissues, and, on the left, a number of them opened onto the skin surface.
One enlarged lymph node, measuring 2 x 1 x 1 cm, situated anteriorly to the abdominal aorta, was entirely replaced by greyish-yellow tumour. A well-circumscribed greyish-white firm nodule, measuring 1 cm in diameter, was found in the upper lobe of the right lung. No other metastatic masses were noted grossly in the general necropsy.
Apart from scarring over the inferior surface of the cerebellar hemispheres, the brain was externally normal.
Coronal sections of the cerebrum revealed mild ventricular dilatation only. The wall of the fourth ventricle showed on the right a flat greyish irregular nodule, measuring 5 mm in diameter by 3 mm in thickness, which appeared fused with the otherwise smooth ependyma. Most of the fourth ventricle was empty. In the spinal cord, a segment of necrotic tissue replaced the parenchyma at the 6th thoracic level, where the total cordotomy had been performed. Below this level, the crossed corticospinal tracts were softened and demyelinated.
MICROSCOPICAL STUDY The large invasive lumbo-sacral mass consisted of moderately cellular tumour separated by an abundant connective tissue stroma. Most cells were delicately elongated and fibrillated, and usually unipolar. Others showed a less distinct cell margin, with a more compact syncytial, almost epithelial appearance. Elsewhere the tumour was more loose textured, the cell elements tending to be stellate, with fine radiating processes. In most places, the cytology was remarkably uniform. The cells contained small distinct round or oval nuclei, with a delicate chromatin membrane, a nucleoplasm of moderate density, and a finely punctate chromatin net. In these areas, mitotic figures were absent. In several fields the tumour formed a delicate garland-like, almost papillary pattern in which the cells were closely aligned and extended their parallel processes to the fibrous or vascular stroma (Fig. 1) van Gieson, and was congophilic. Birefringence accompanied the congophilia. These changes were interpreted as the result of irradiation. In addition, considerable cellular atypia and pleomorphism were evident in parts of the necrotic growth invading the sacrum and the iliac veins. The tumour cells were enlarged, plump and rounded, the cell processes were lost, and there was a marked increase in the nucleocytoplasmic ratio. The cells were frequently giant and multinucleated and the nuclei often contained one or more conspicuous nucleoli (Fig. 2) . Mitotic figures, both typical and atypical, were common. Whereas in some fields the tumour cells maintained a relative degree of uniformity and were partitioned by a delicately vascular connective tissue stroma (Fig. 2) , in others this pattern was wholly lost, and the cells were entirely anaplastic, with highly irregular, bizarre, and often giant forms (Fig. 3) .
Review of the neoplasm originally removed from the lumbosacral region 27 years before death, and of the needle biopsy of the lumbosacral mass performed eight years before death, disclosed fragments of loosely arranged and moderately cellular fibrillated neuroglial tumour, the cells of which had small delicate elongated nuclei and demonstrated an attachment of their processes to the supporting blood vessels (Fig. 4) . The histological appearances were identical with the loose textured areas seen at necropsy.
Sections from the fourth ventricle tumour removed 21 years before death demonstrated identical tissue. The small residual plaque of growth found at necropsy to be adherent to the right lateral wall of the fourth ventricle was again similar, except for the presence of marked irradiation changes in the rich vascular stroma. No cellular atypia was found. Microscopic tumour extended through the foramen of Luschka to enter the lateral recess. One small microscopic nodule of ependymoma was found attached to the floor of the fourth ventricle.
Sections from the upper lobe of the right lung, the lower lobe of the left lung, and from the grossly enlarged para-aortic lymph node demonstrated metastatic tumour composed of discrete clumps and nests of delicate fibrillated cells identical with those in the lumbosacral mass (Fig. 5) . A few deposits were situated beneath the pleura, or extended along the pleural margin to form small dome-shaped elevations. The cells were often orientated by a long tapering process towards either the supporting blood vessels or the fibrous edge of the deposit (Fig. 6) ependyma-lined spaces (Fig. 7) . In one area, a definite ependymal rosette was found: as shown in Fig. 8 equina. Some of them, originally designated as 'myxopapillary' by Kernohan (1932) , form a distinct clinicopathological entity associated with a fairly typical and easily recognizable histological picture. Others, however, do not show the mucinous degeneration of the connective tissue stroma which is diagnostic of these ependymomas, and are papillary, or, as in the present case, possess less distinctive histological features. A notable component, demonstrated in this case, is the presence of an abundant vascular connective tissue stroma. This recalls the normal structure of the filum terminale, in which the connective tissue is a continuation of the pia mater. Clinically, ependymomas in this region present as cauda equina tumours, but the filum terminale or the conus medullaris are generally accepted to be their site of origin. In some cases the conus and the proximal part of the filum are grossly expanded by a soft reddish, well-circumscribed tapering mass, but in others the tumour is infiltrative, spreading along the roots of the cauda equina and rupturing through the dural sheath. These neoplasms grow slowly and, after invasion of the dura mater, may occasionally form considerable masses that deform and erode the sacrum. They may subsequently extend massively into the lumbosacral vertebrae and the extravertebral soft tissues, but cytological evidence of malignancy is extremely infrequent. It has been seen previously only once by us (L.J.R.).
The development, in this case, of a second tumour diagnosed as ependymoma and removed from the fourth ventricle approximately six years after surgical extirpation of the spinal growth, merits brief discussion. The presumption that the patient had two independent ependymomas cannot be excluded, but has little to support it in view of the identical microscopical appearances of the tumour in both situations. The second possibility, favoured at the time of removal of the fourth ventricle mass, is that the ependymoma originally arose in the fourth ventricle and subsequently metastasized caudally. This seems unlikely in view of the clinical history, according to which the sacral tumour had evidently antedated the intracranial neoplasm by several years, and in view of the subsequent evolution of the case, which was closely similar to that of the three other reported examples of ependymomas of the cauda equina with distant metastases. Although downward seeding from an intracranial tumour to the thecal sac occurs in general far more frequently, retrograde spread from a spinal glioma into the intracranial cavity is well-recognized (see Russell and Rubinstein, p. 214, 1963) , and we believe this to have been the sequence of events in this case.
The development of remote extraneural metastases from ependymomas of the cauda equina has so far seldom been reported. The literature records only three acceptable instances which were completely examined at necropsy. Their salient features, as well as those of the' present case, are listed in the Table. All four cases fulfilled the criteria proposed by Weiss (1955) for the acceptance of extraneural metastases from a tumour originating from the central nervous system-namely, (l) the microscopical demonstration of a single histologically characteristic neoplasm of the central nervous system; (2) evidence that the initial symptoms were due to the tumour; (3) the performance of a complete necropsy, conducted in sufficient detail to rule out the possibility of another primary site; and (4) the identity of the morphological features of the central nervous system tumour with those of the distant deposits. For these reasons the example recorded by Christensen (1958) tumour' with 'definite glial pattern histologically', in a male, aged 24 at death, who developed metastases in the lung after a total course of 10 months. This case is unlikely to fall into the present group, since it closely resembled a medulloblastoma. The case interpreted by Watt (1968) as an ependymoma of the cauda equina with distant metastases, in a 56 year old woman who had a large cavity in the upper lobe of the left lung and two distinct tumours in the cerebrum, is unacceptable, since the clinical features, gross findings, and microscopical description all point, in our view, to a metastatic adenocarcinoma, in all probability bronchogenic.
Common to all four examples tabulated in the Table is the eventual development of a large invasive mass which infiltrated the lumbosacral vertebrae and adjacent soft tissues. In three cases the total length of the clinical history extended to 10 years or more. Multiple operations, usually over long intervals, were performed in three instances. Vascular invasion, especially of the iliac veins and inferior vena cava, was demonstrated in all. The metastatic deposits most often involved the liver, lungs, pleura, mediastinum, hilar, and periaortic lymph nodes. In three instances, massive local invasion and the development of extraneural metastases remained unaccompanied by malignant cytological change. In the present case, however, marked anaplasia was found in a few areas at the primary site, including portions of the tumour that permeated the iliac veins. Whereas the possibility that anaplastic changes may have been spontaneous cannot be excluded, this seems unlikely, since they were entirely lacking in the distant deposits. The more likely explanation, therefore, is that they were in all probability the result of irradiation. Similar morphological changes have long been known to occur in irradiated experimental brain tumours (Tansley and Wilson, 1947; Netsky, Shapiro, Hoffman, Corsentino, Freid, and Zimmerman, 1956) , and have more recently been described in human cerebellar medulloblastoma (Oppenheimer, 1969) .
The pathway of distant dissemination, in this as well as in the other reported cases, is presumed to have occurred via the blood stream. The frequency with which, in published reports, venous permeation is noted to have occurred in gliomas with extraneural metastasis has previously been emphasized. This feature has also been demonstrated in the exceptional instance in which extracranial deposits developed in the absence of previous craniotomy (Rubinstein, 1967) . Whereas in some cases venous invasion was recorded only in distant sites, particularly the lungs, in some examples it was found at the primary locus, either in a main sinus or in dural veins within the intracranial cavity, or, as in the cases reviewed in this report, in the large pelvic and abdominal veins. The present observation therefore reinforces the view that, although venous permeation by a glioma is extremely rare, it should, when demonstrated at the primary site, be regarded as a harbinger of distant metastatic spread.
